Background. To evaluate the acute angiographic and intermediate-term clinical results of patients with non-left main (LM) coronary artery bifurcation disease (CABD) treated with BVS, as compared with those treated with DES, using the jailed semiinflated balloon technique (JSIBT) for side branch (SB) protection and provisional stenting. Methods and Results. Sixty-eight patients with non-LM CABD who had undergone provisional one-stent implantation with SB protection by JSIBT between January 2015 and December 2017 were retrospectively enrolled. Among them, 20 patients received Absorb BVS implantation and 48 patients received DES implantation. Patients in the BVS group were younger and had higher BMI, total cholesterol, low-density lipoprotein cholesterol, and hemoglobin but had lower serum creatinine and lower prevalence of prior PCI and MI. No SB balloon rupture/entrapment occurred in either group. e incidence of SB dissection/occlusion and SB in need of rewiring or stenting was rare in both groups and showed no significant difference between them. Postinterventional TIMI flow significantly increased in both groups. e intermediate-term clinical outcomes were good in terms of incidence of target lesion failure, target lesion revascularization, target vessel revascularization, myocardial infarction, and all-cause death in both groups. Conclusion. e use of JSIBT for treating CABD with modern BVS can provide SB protection as similar as those with DES, even with higher incidence of acute SB dissection/occlusion. e immediate angiographic results and acute and intermediate-term clinical outcomes were also similar in both groups. Our study results demonstrate that JSIBT might be a safe and alternative SB protection tool for BVS in patients with complex CABD.
Introduction
Coronary artery bifurcation disease (CABD) occurs in 15-20% of coronary artery disease (CAD) patients undergoing percutaneous coronary intervention (PCI) [1, 2] and remains a considerable challenge in clinical practice despite advances in modern interventional techniques and stents. Currently, the provisional side branch (SB) stenting strategy is considered the standard practice for most CABD [3] [4] [5] . A protection guidewire placed inside the SB prior to the main vessel (MV) stenting remains the minimal requirement for CABD PCI. However, there remains a risk of acute SB occlusion after MV stenting, especially in a true bifurcation lesion with large plaque burden, very tight stenosis at the SB ostium, diminished baseline SB blood flow, or very blunt bifurcation angulations [6, 7] .
e jailed balloon technique (JBT) and jailed semi-inflated balloon technique (JSIBT) have been introduced to reduce acute SB occlusion at the time of the MV drug-eluting stent (DES) implantation [7] [8] [9] [10] [11] . Bioresorbable vascular scaffold (BVS) was introduced and provides an alternative choice for certain patients with bifurcation lesions. In consideration of the thicker stent struts and higher post dilatation pressure, how to preserve the SB might be a major concern. To date, no studies have addressed the use of JSIBT in patients treated with BVS for complex CABD. We therefore undertook the current study to investigate the acute angiographic and clinical results as well as the intermediate-term outcomes of patients treated with BVS and JSIBT for complex CABD as compared with those treated with DES at our institution.
Methods

Study Population.
Patients with non-LM CABD who underwent provisional one-stent strategy with SB protection by JSIBT between January 2015 and December 2017 were retrospectively enrolled and analyzed. Patients with heavily calcified lesions demanding rotablator atherectomy, an SB vessel size of ≤1.5 mm diameter, or cardiogenic shock/arrest on admission were excluded. Each CABD was classified according to the Medina classification, which defines Medina (1.1.1), (1.0.1), and (0.1.1) lesions as true bifurcation lesions. Written informed consent for PCI was obtained from all patients. e baseline demographic data, interventional details, and in-hospital and intermediate-term outcomes were retrospectively reviewed in detail using medical records in the hospital database and then were statistically analyzed. e study protocol was reviewed and approved by the Institutional Review Board/Ethics Committee of Taichung Veterans General Hospital, Taichung, Taiwan.
Intervention Procedures.
All procedures were carried out using the standard PCI protocols of our cath lab. e patients received a loading dose of aspirin (300 mg) and clopidogrel (300-600 mg) or ticagrelor (180 mg) prior to or at the time of PCI. Every patient received anticoagulation using heparin during the procedure with targeted ACT of 300″, while use of glycoprotein IIb/IIIa inhibitors were left to the operator's discretion. e procedure of JSIBT for CABD is described in detail elsewhere [11, 12] . e steps of JSIBT applied to our patients are shown in Figure 1 (JSIBT with DES) and Figure 2 (JSIBT with BVS). e brands of DES implanted for these CABD patients were chosen by the operator discretion, and the brand of BVS implanted was Abbott BVS (Absorb, Abbott Vascular). Both the SB and MV were wired, and then the bifurcation lesions were predilated by a one quarter-size smaller balloon or one of an equal size for both the MV and SB. en the DES or BVS was advanced into the MV and placed overriding the bifurcation lesion. ereafter, a semicompliant quarter-size smaller balloon or one of an equal size was advanced into the SB beforehand, making sure that the proximal portion of the balloon 1-2 mm protruded into the MV. e protection balloon in the SB was inflated at low pressure (usually 6-8 atm), and subsequently the MV DES or BVS balloon was deployed slowly at subnominal pressure, jailing the semi-inflated SB balloon. e SB balloon was kept inflated during the MV DES or BVS implantation. e DES balloon inflation was maintained for about 20 seconds, and the BVS balloon was kept inflated for about 30-40 seconds. Both the SB balloon and the MV DES or BVS balloon were deflated at the same time and the SB balloon was removed. e MV balloon was then reinflated at nominal pressure to restore the deformed stent or the scaffold and fully expand the stent or the scaffold. In the final step, postdilatation of the whole stent/scaffold with a noncompliant balloon and proximal optimal dilatation therapy (POT) of the stent/scaffold segment were performed to achieve good stent/scaffold apposition to the MV wall. No rewiring of the SB was done if angiography showed SB patency. However, in the event of acute occlusion or imminent jailing, the SB was rewired and the kissing balloon technique (KBT) was completed in order to restore SB flow. Intravascular ultrasound (IVUS) was performed on a case-by-case basis during the procedure to optimize the angiographic results.
Definition of Study Endpoints.
e primary study endpoints are in-hospital death, target lesion revascularization (TLR), and target vessel revascularization (TVR), and the secondary study endpoints are myocardial infarction (MI), target lesion failure (TLF), and all-cause death. TLR is defined as any repeat percutaneous intervention of the target lesion or bypass surgery of the target vessel performed for restenosis or other complication of the target lesion. TVR is defined as any repeat percutaneous intervention or surgical bypass of any segment of the target vessel. MI is diagnosed by the criteria of universal definition [13] during the follow-up period. TLF is defined as the combination of cardiac death, target vessel MI, or clinically driven TLR. Any revascularization is defined as any repeat percutaneous intervention or bypass surgery for restenosis of the target lesion or de novo lesion(s) of the target vessel or non-target vessel.
Statistical Analysis.
Continuous variables are presented as median with interquartile range because of nonnormally distributed variables. Categorical variables are presented as numbers and percentages. Continuous variables of the two groups were analyzed by the Mann-Whitney U test. Categorical variables were analyzed by the Chi-square test or Fisher exact test. Pre-and postprocedure quantitative coronary angiography (QCA) analyses were compared using the Wilcoxon signed-rank test in each group. A P value of less than 0.05 was considered statistically significant. All statistical analyses were performed using SPSS 19.0 (SPSS Inc., Chicago, Illinois, USA) software.
Results
Baseline Characteristics of Patients with Non-LM CABD Who Underwent DES/BVS Implantation Utilizing JSIBT.
Between January 2015 and December 2017, a total of 68 patients with CABD treated with provisional stenting strategy using JSIBT were enrolled. e baseline characteristics of all study patients are shown in Table 1 . Among them, 20 patients were treated with BVS, and the remainder (N � 48) were treated with DES. Patients in the BVS group were younger, had higher BMI, total cholesterol, lowdensity lipoprotein cholesterol, and hemoglobin but had lower serum creatinine as well as a lower prevalence of prior PCI and MI compared with the DES group. e distribution of gender, background risk profiles (HTN, DM, dyslipidemia with statin therapy, and smoking), clinical presentations and diagnosis, severity of CAD, and characteristics of bifurcation lesion were all similar between the two groups.
Angiographic and Interventional Characteristics of JSIBT for Non-LM CABD.
Angiographic and procedural characteristics are shown in Table 2 , and QCA analysis for the MV and SB at the baseline and postprocedure are shown in Table 3 . More patients received PCI using the 7 Fr guide catheter in the BVS group, but the 6 Fr one in the DES group.
e transfemoral approach was more frequently used in the DES group (29.2% versus 0% and P � 0.007). In the BVS group, the MV stent was larger in size and shorter in length compared with that used in the DES group, but the size and length of the SB protection balloon were similar to those in the DES group. POT was performed in all patients in both groups, but the balloon size was larger in the BVS group compared to that in the DES group. No SB balloon rupture or entrapment occurred in either groups. Four patients in the BVS group and four patients in the DES group had SB dissection, 2 and 9 patients in need of SB rewiring and 0 and 2 patients demanding SB stenting. However, these differences were not significant between the two groups. Postinterventional thrombolysis in myocardial infarction (TIMI) blood flow was significantly increased as compared to the preinterventional TIMI flow in both the BVS and DES groups. However, pre-and postinterventional TIMI blood flows did not show significant differences between the two groups. e MLD and stenosis severity improved in the proximal and distal ends of the MV and SB following PCI in both the BVS and DES groups.
In-Hospital and Out-of-Hospital Clinical Outcomes.
e patients' clinical outcomes are shown in Table 4 . e incidences of in-hospital death were similar between the two groups. ere was one mortality in the DES group related to an accidental injury leading to massive subdural hematoma in the restroom. Despite emergent surgery to remove the hematoma, she passed away 7 days later.
Clinical follow-ups were available for all patients with a median follow-up period of 1.8 and 1.3 years in the BVS and DES groups, respectively. Four and sixteen patients received angiographic follow-up in the BVS and DES groups respectively. e incidence of TLF, TLR, TVR, MI, and allcause death were similar between the two groups.
Discussion
e current study demonstrated that use of JSIBT as a novel SB protection method in complex non-LM CABD interventions treated with BVS provided effective SB protection and good acute procedural outcomes and intermediate-term clinical outcomes equivalent to benefits conferred by JSIBT in bifurcation lesions treated by DES. Despite the greater thickness of BVS struts and the greater risk of SB loss, JSIBT can offer the same degree of protection for the SB in CABD patients treated with BVS as that of DES.
CABD occurs in 15-20% of CAD patients undergoing PCI, [1, 2] remains technically challenging, and is also associated with a high rate of procedural complication and adverse cardiovascular outcomes even in the DES era [10, [14] [15] [16] [17] [18] . PCI of CABD is associated with greater prevalence rates of SB occlusion and periprocedural MI as well as poorer clinical outcomes in terms of TLR and stent thrombosis (ST). e complex anatomy and dynamic nature of bifurcation lesions make them prone to plaque or carina shift, change in bifurcation angles, vessel spasm, and/or SB dissection/occlusion during PCI. Currently, the one-stent strategy with provisional SB stenting is considered the preferred approach for most CABD, [3] [4] [5] but has also been associated with a significant risk of SB compromise and periprocedural MI [6, 19, 20] . Novel methods are needed to reduce SB events in bifurcation lesion interventions using the provisional one-stent strategy.
In order to protect the SB during PCI of CABD, the jailed wire technique, JBT, and JSIBT have been applied and have given rise to various standards or novel SB protection techniques [7] [8] [9] [10] [11] 21] . e JSIBT, an extension of the jailed wire technique and JBT, was first introduced in 2015 by Çaylı et al. [11, 22] who performed the provisional one-stent strategy with JSIBT for CABD for 148 lesions in 137 patients. Among these patients, 64.2% had ACS and 73.7% had true bifurcation lesions. TIMI 3 blood flow of both MV and SB after MV stenting was 100%, with no SB occlusion, no rupture or entrapment of the inflated balloon, and the clinical outcomes after MV DES treatment in terms of inhospital stay and one-month follow-up without a composite of cardiac death, myocardial infarction, or target lesion revascularization were excellent.
is novel technique provided an amazing way to protect the SB during CABD intervention using the provisional one-stent strategy even though 2.7% of patients presented with dissection of the SB ostium, and 2.0% of patients needed SB stenting with final KBT. BVS was recently introduced as a novel coronary stent system, intended to potentially reduce the long-term limitation of metallic stents, such as permanent vessel caging, permanent SB jailing, or impairment of vasomotion [22] . Interventional cardiologists around the world soon embraced this concept in clinical practice. However, BVS implantation was not recommended for CABD due to the use of thick stent struts and lack of proper SB protection methods. Various approaches have since been introduced to solve this issue, [23] such as the provisional one-stent strategy with SB balloon dilatation, [24] sequential balloon dilatation, kissing balloon technique [25] or two-stent strategy with culotte, and [26] mini-crush or T-stenting technique [27] . All of the aforementioned approaches originated and were modified from techniques used in the DES era. To the best of our knowledge, our study is the first to test the feasibility and efficacy of JSIBT for SB protection in cases treated with BVS and one-stent strategy for complex CABD. We achieved a TIMI 3 final flow of 100% in both the MV and SB after MV BVS with significant postprocedural improvement as compared to that measured preprocedurally. Despite the use of thicker scaffold struts and the greater risk of SB events, there was no SB occlusion, rupture, or entrapment of the jailed semiinflated balloon, and the clinical outcomes during hospital stay and at a median of 1.8 years' follow-up were excellent without major adverse cardiac events in terms of in-hospital death, TLF, TLR, TVR, MI, and all-cause death. Nonetheless, 20% of patients presented with SB ostium dissection, and 10% of patients required SB rewiring and sequential balloon dilatation during the procedure. is might have been caused by the larger scaffold size and high inflating pressure of our jailed balloon in the SB. Otherwise, SB protection using JSIBT in our study demonstrated 8.3% of SB dissection and 4.1% of SB stenting needed in the DES arm with similar SB balloon inflation pressure in comparison to that in the BVS arm. As compared to our DES arm using the same strategy, there was no Data are presented as median (interquartile range) for continuous variables and n (%) for categorical variables. e Chi-square or Fisher exact test for categorical variables and a Mann-Whitney U test for continuous variables. * , †, ‡, § Analyses of pre-and post-procedure TIMI flow were compared using the Wilcoxon signed-rank test in each group. BVS, bioresorbable vascular scaffold; DES, drug-eluting stent; MV, main vessel; SB, side branch; BC, balloon catheter; TIMI, thrombolysis in myocardial infarction. significant difference in interventional outcomes, i.e., SB protection and clinical outcomes, in the short and intermediate terms. In summary, JSIBT could be safely and effectively applied in BVS treatment of complex CABD.
Limitations
is study has some limitations. Firstly, this was a nonrandomized, retrospective, observational, case-cohort study and therefore subject to all the limitations inherent in the study design. Secondly, the study population in both groups was relatively small. As JSIBT is a new concept in the treatment of CABD (it was introduced in 2015 by Çaylı et al. [11] ), we limited the application of this technique for the treatment of complex CABD in which SB may not be safeguarded by other approaches. Furthermore, Abbott Absorb BVS was first made available in our hospital in late 2015. e aforementioned reasons explain why a relatively small number of patients were treated with this technique in our cath lab. However, our results demonstrate that JSIBT is not only useful for DES but is also applicable to different stent platforms. Our results are encouraging, and we believe that this protection strategy has potential for application to other bioresorbable scaffolds (BRS) in the market as well as to those currently undergoing trials. irdly, imaging studies, especially optical coherence tomography (OCT), have been shown to be useful for evaluation of BVS and SB structures immediately after implantation and for assessing long-term neointimal coverage and scaffold resorption. ese imaging studies, however, were not performed in the current study. Nonetheless, the excellent long-term outcomes and lack of MACE demonstrate that JSIBT is a feasible, practical, and an effective method of protecting the SB in BVS treatment of complex CABD.
Conclusion
e use of JSIBT for treating complex CABD with the modern BVS, as compared to DES, was shown to provide excellent SB protection and maintain SB blood flow with very low incidence of acute SB dissection/occlusion. e acute-and intermediate-term clinical outcomes were excellent as well. Our study results confirm that JSIBT is also a safe and effective SB protection approach for BVS treatment of complex CABD. As this is a small study, further largescale studies with imaging studies and long-term clinical follow-up data are warranted to confirm our findings and their clinical value.
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